Extrusion is a versatile and state-of-art technology and provides enormous opportunity for modifying the functionality of food materials for improved digestibility and high sensory quality. With considerable previous research on cereal based products, the current focus has now shifted towards millets and pulses for enhancing nutritional and functional quality for high-end consumer. The present review highlights the current advances made in development of cereal, millet and pulse based extruded products. In addition, the current trends in use of extruded flours as novel green ingredients as hydrocolloids, fat replacers and for developing gluten-free, phenolic-rich, lowglycemic and functional foods has also been reviewed.
Introduction
The current demand for novel and healthy foods together with the increasing lifestyle diseases has dramatically driven a new market for whole grains, millets, psuedocereals and legumes. In this context, unique nutritional profile of these grains comprising of high dietary fibre, micronutrients, non-gluten proteins and phytochemicals deserves special attention in new product development. However, use of unprocessed or native flours suffers from certain defects. Native flours have poor functional properties, making them unsuitable for their use in certain products and often require some modification or other ingredients or additives to achieve desired results . Native flours are characterized by low water absorption, low solubility and high pasting profile over their processed counterparts (Angioloni and Collar, 2012) . Incorporation of native non-gluten flours in bakery products has detrimental effect on technological and textural properties, especially poor crumb texture and faster staling. These defects can be managed by using technological additives such as gluten, hydrocolloids, modified starches and enzymes (Ho and Noor-Aziah, 2013; Schoenlechner et al., 2013) .
The functional properties of native flours can also be improved by hydrothermal treatments such as extrusion; without using any chemicals. Extrusion is a high-temperature, short-time processing technology in which food materials are plasticized and cooked by the combination of temperature and mechanical shear under pressure. This results in molecular transformation and chemical reactions that modify functional properties, nutrient and phytochemical composition of the food (Morales et al., 2015) . The extruded product is stable, possesses defined texture and extended shelf life which increases their acceptability. The interest in the use of extrusion in the food industry stems from the fact that they are capable of blending diverse ingredients into novel foods and hence may be useful in the development of functional foods (Areas et al., 2016) . Recent publications critically highlight the potential of extruded flours as functional snacks, breakfast cereals, as additives in breads and mayonnaises (Martinez et al., 2013b; increasing the WSI (Mesquita et al., 2013) . However, molecular interactions between degraded starch, proteins and lipids may reduce the extent of increase. Improved hydration properties of extruded products have been confirmed by multiple researchers (Awolu et al., 2015; Bhise et al., 2013; Camacho-Hernandez et al., 2014; ) .
The WAI and WSI values of extruded products depend on several factors such as properties of the raw materials (particle size, composition), pre-processing treatments and processing parameters (Oikonomou and Krokida, 2011) . Extrusion variables such as feed moisture, temperature and screw speed significantly influence the hydration properties. Intensity of extrusion, high barrel temperature coupled with low feed rate and high feed moisture increases hydration properties (Martinez et al., 2014a) . It is generally agreed that feed moisture exerts the greatest effect on the extrudate by promoting gelatinization (Arun Kumar et al., 2015) . At high moisture, the viscosity of the starch would be low, which allows extensive internal mixing and uniform heating that would account for enhanced starch gelatinization (Rodriguez-Miranda et al., 2011) . Furthermore, lubricant effect of high moisture reduces the friction between dough and screw elements as well as between dough and barrel, resulting in decreased dough temperature which prevents the starch granules from severe mechanical breakdown (Camacho-Hernandez et al., 2014) . On the other hand, low moisture conditions results in greater shear degradation of starch during extrusion. Therefore, WAI increases and WSI decreases with increase in feed moisture. Similar effects also have been reported by other researchers (Chakraborty et al., 2011; Filli et al., 2013; Ito et al., 2015; Singh et al., 2007) .
High temperature coupled with high screw speed contributes to the breaking and collapsing of the starch granules, promoting high dextrinization/starch melting and protein coagulation that prevails over gelatinization, thus increasing water solubility (Bhise et al., 2013; Spinello et al. 2014) . On other hand, low temperature and screw speed decrease the shear effect on starch granules; thus favour the process of gelatinization and increases WAI over WSI (Ding et al., 2006) . Taverna et al. (2012) however observed high WSI in extruded cassava starch and quinoa flour blends snacks at low screw speed and high temperature. This was attributed to high residence time (at low screw speed) exposing material to high thermal energy enhancing starch degradation and WSI. Similar Thus it is understood that hydration properties of extruded products are mainly interplay of different extrusion variables and feed composition, accounting for a reflective change. Improved WAI and WSI of extruded flours can find food applications in instant products such baby foods, desserts, milk-based products, sausage, mayonnaise, processed cheese, soups etc.
Effect of extrusion on phenolic compounds Whole grain cereals, millets and pulses are one of the perfect sources of biologically active compounds, including phenolics, flavonoid compounds which have proven health-promoting effects on human body (Sriti et al., 2014) . Several cereals, millets and pulses have been evaluated for phenolic compounds in search for safe sources of natural bioactives. However, focus of the research still remains on quantifying phenolics and antioxidant activity of raw/ unprocessed grains, which doesn't appears to be justified as cereals and other grains are eaten after cooking or processing. Lately, focus of research has shifted and effect of extrusion on bioactives is being thoroughly investigated.
Retention or degradation phenolics, flavonoids or other bioactives during extrusion processing is a function of temperature and other variables as they are heat sensitive and get altered when exposed to temperature above 80℃ (Moussa-Ayoub et al., 2015) .
High temperature during extrusion decomposes or alters the molecular structure of phenolic compounds; which may further lead to reduction in their chemical reactivity or extractability (Sriti et al., 2014) . El-Hady and Habiba (2003) reported significant decrease in total phenolics in extruded whole meal of peas, chickpeas, faba and kidney beans. Some studies showed up to 80% decrease in the level of total phenolics after extrusion of Kiwicha (Amaranthus caudatus) (Repo-Carrasco-Valencia et al., 2009 ). Sarawong et al. (2014) evaluated the total phenolic content of extruded green banana flour; showing significant decrease (32-55%) over raw flour. Extrusion at high moisture content retained higher amount of phenolics at low temperature than that of high temperature. Results reported by Patil et al. (2016b) were also in similar line; showing significant loss in bioactives and antioxidants activity of extruded finger millet and sorghum. However, extrusion at high feed moisture, low temperature and high screw speed retained considerable percentage of bioactives. Maximum retention of total phenolics and total flavonoids was observed as 54% and 78% in finger millet; whereas 87% and 89% in sorghum respectively. Similar findings have also been seen in rice-horse gram extrudates (Gat and Ananthanarayan, 2015) and extruded barley flour . Authors observed that the decrease in bioactive compounds was dependent on process condition. High feed moisture during extrusion protects phenolics from degradation due to mild or gentle processing in the extruder barrel.
Interestingly, some studies presented marked increase in free/ bound phenolics after extrusion. Phenolic content of extruded darkred beans was found to increase by 14%; on account of increase in quercetin and ferulic acid along with a significant decrease in chlorogenic and caffeic acids (Korus et al., 2007) . Similar results have been outlined by Anton et al. (2009) ; illustrating an increase in total phenolic compounds of extruded starch-bean. White et al. (2010) investigated the changes in cranberry pomace-corn starch blends during extrusion and observed significant increase (30-34%) in total flavonols. Increase in total flavonoid content (4.1-8.2%) of extruded chickpea has also been reported by Tiznado et al. (2013) .
Most of the phenolic compounds (>80%) in cereals and millets are bound or attached primarily to hemicelluloses in cell walls of the pericarp, aleurone layer and germ. High shearing effect induced by extrusion causes severe degradation condensed tannins and bound phenols to low molecular weight oligomers that are more extractable. The released bound phenolics from cell walls may contribute to high phenolic content of extended flours (Nayak et al., 2011) . Some studies detected concomitant increase in antioxidant activity with extrusion, which may be due to production of dark colour pigments (particularly melanoidins) at high temperature; extensively known to have antioxidant activity (Xu and Chang, 2008) . The thermal processing is known to alter the antioxidant profile and generate more antioxidants that contribute in antioxidant activity. White et al. (2010) observed an increase in antioxidants (16-30%) with an increase in barrel temperature. High antioxidant profile due to extrusion processing has been widely reported in potato-pea extrudates (Nayak et al., 2011) and cornpumpkin extrudates (Rocha-Guzman et al., 2012) .
Effect of extrusion on antioxidant activity
The literature reviewed suggests that overall variability in thermal stability of phenolics, flavonoids and antioxidants is primarily attributed to nature of matrix subjected to extrusion. High retention of bioactives in extruded flours as observed in some studies demonstrated their enormous potential as healthy ingredient for development of phenolic and antioxidant rich ready-to-eat products. However, influence of extrusion processing on bioactive compounds of millets and pulses has been occasionally investigated.
Effect of extrusion on pasting properties Pasting profile or viscosity curves are the most useful tool available for rapidly and reproducibly assessing cooking quality of flour (Jan et al., 2016) .
Pasting properties are mainly dependent on the rigidity of starch granules, which in turn affect the granule swelling potential and the amount of amylose leaching out in the solution (Kaushal et al., 2012) . It gives an idea about the degree of modification of the starches when subjected to heat treatment under moist conditions. These changes are dramatic in the case of extrusion, since the shear forces generated are high (Desouza et al., 2011) . Pasting properties of extruded flours determines their suitability into various food products viz. high viscous foods, as a good gelling agent, in dessert and other food formulations and could replace chemically modified starches that are currently being used in a number of products (Adebowale et al., 2008) . In this regard, pasting properties of flours as affected by extrusion need to be studied for their applicability to food systems.
Overall protein, starch and amylose/amylopectin ratio justify differences in pasting characteristics of flours (Sun et al., 2015) .
Pasting properties are also influenced by the amylose content of the starch, as it provides an indication of the gelling ability of starch (Adedokun and Itiola, 2010) . Native starches are more susceptible to changes in viscosity during the heating and cooling cycle than pre-gelatinized flours, thus shows high pasting profile (Oliveira et al., 2015) . However, the extrusion conditions exercise different effects on the pasting parameters. Increase in temperature and screw speed generally lowers the viscosity, whereas increase in moisture increases peak and final viscosities (Waramboi et al., 2014) . This Pasting temperature is the minimum temperature required to cook the starch and is generally tend to decrease after extrusion.
Low pasting temperature and thus low thermal resistance of pregelatinized flours is mainly because of disruption of starch granules, loss of granule integrity and crystallinity (Marti et al., 2013) . However, in certain cases, extrusion may increase the region of crystallinity, as a result of reorientation of the starch granules, strengthening of intragranular bonded forces, allowing the starch to require more heat before structural disintegration and thus may cause increase in pasting temperature (Sun et al., 2015) . 
Applications of Extrusion Technology
Modified functionality of extruded flours offers wide applications in food industry as thickening, gelling agents, functional ingredients and fat replacers (Mason, 2009; Roman et al. 2015a) . Recent publications critically highlight the potential of extruded flours as functional snacks, breakfast cereals, as additives in breads and mayonnaises (Martinez, et al., 2014b; Roman et al. 2015b ).
Extrusion for development of functional snacks Extrusion cooking has been extensively used in the processing of wheat, corn and rice flours for development of ready-to-eat snack products.
Paradoxically from a nutritional viewpoint, they are high in starch and fats and with low dietary fiber; thus with high glycemic load; known to cause childhood obesity and trigger type-2 diabetes (Brennan et al., 2013; Omwamba and Mahungu, 2014) . Inclusion of millet flours instead of purified fibre addition is a costefficient way of increasing dietary fiber content of extruded products (Wojtowicz et al., 2015) . This has brought the research on millet based extruded snacks in for front.
Along with pulses and millets, the recent shift in use of naturally derived ingredients in extruded snacks has been essentially in a direction to lower the glycemic index and increase alpha-glucosidase inhibitory effects for alleviating type-2 diabetes.
Promising grains such as amaranth, quinoa or kaniwa and food ingredients like fruits, vegetables and herbs or their by-products are being tested for developing acceptable snack (Ramos- Diaz et al., 2015) . Extruded products colored with natural fruit or vegetables may appeal to consumers interested in healthy foods. In this context, dehydrated fruit powders rich in anthocyanins and carotenoids have been used to enrich extrudates with natural pigments to increase their color appeal and total antioxidant effect.
Extruded flours as ingredients to manage glycemic response
and type-2 diabetes Extrusion processing can modulate starch digestibility which seen as a critical factor in modulating glycemic response. At present, there are two parallel prevailing theories on starch digestibility of extruded products. The first theory places extruded foods in the category of high glycemic index (GI) foods (Onwulata et al., 2010) . This is based on the fact that partial gelatinization and fragmentation of starch (Cabrera-Chavez et al., 2012) , structural and conformational changes in protein tend to improve overall digestibility. The depolymerisation of the starch makes starch readily available to amylolytic enzymes during digestion and hence extruded snack products tend to yield a higher glycemic response compared with their unprocessed raw ingredients. On the other hand, second theory places them in the category of low GI foods. This is based on the fact that extrusion also alters the conformation of starch; smaller units of amylose and amylopectin which could cross link forming novel, indigestible linkages and therefore lower the GI (Liu et al., 2015) . Formation of amylose-lipid complexes is been strongly implicated in these reactions.
GI of starch-based food undergoing the extrusion is affected by many factors such as degree of starch gelatinization, types of native crystalline structures, amylose/amylopectin ratio and complex formation between starch and protein or lipid and resistant starch (Feng and Lee, 2014) . Starchy foods high in amylose content are associated with lower blood glucose levels and slower emptying of human gastrointestinal tract compared to those with low levels of amylose (Tacer-Caba et al., 2014) . Also amylose content is being viewed as the main determining factor for production of resistant starch during extrusion. This is probably by increased retrogradation tendency with the formation of strong intermolecular hydrogen bonds in the amylose fraction. Apart from amylose, resistant starch (RS) is another factor that has been receiving much attention for its health benefits and functional properties. Resistant starch (RS) is starch that escapes digestion in the small intestine and may be digested in the large intestine (Zhang et al., 2016) .
Extrusion processing has been shown to increase both amylose and resistant starch. This is mainly due to shearing effect of extrusion, rendering the release of more starch and resulting in increased amylose content.
There are a number of studies about effects of extrusion on RS formation; most of which have been done on pure starches such as wheat starch, corn starch, potato starch (Shin et al., 2002) and cereal grains such as wheat and barley (Faraj et al., 2004; Kim et al., 2006) . Increase in amylose content after extrusion has also been earlier reported by Sarawong et al. (2014) in green banana flour and Liu et al. (2015) in buckwheat starch. Authors attributed this effect to degradation of amylopectin, amylopectin-amylose interactions in the starch granules during the modifications. The extrusion produces gelatinized starch with increased retrogradation tendency, thus favour formation of RS. Some researchers suggest that high moisture during extrusion is most favourable conditions for increased yield of RS (Huth et al., 2000) . High RS in extruded flours can positively influences the functioning of the digestive tract, microbial flora and blood cholesterol level thus lowering the GI and assisting in the control of diabetes (Fuentes-Zaragoza et al., 2010) . products The unique nutritional profile of non-gluten grains comprising of high dietary fibre, micronutrients, non-gluten proteins and phytochemicals deserves special attention in bakery applications (Angioloni & Collar, 2012) . However, doughs form non-gluten grains lack extensibility, elasticity, cohesiveness due to gluten dilution that makes their industrial handling a greater challenge (Deora et al., 2014) and also has detrimental effect on technological and textural properties, especially low gas retention, poor crumb texture and faster staling (Mohammadi et al., 2014) . At industrial levels, these defects can be overcome by using technological additives such as enzymes, modified starches and mainly hydrocolloids to make up for the viscoelastic properties of gluten (Ho and Noor-Aziah, 2013; Schoenlechner et al., 2013) .
Extruded flours as hydrocolloids or gluten substitutes in baked
Hydrocolloids bind with water, have high thickening and gelling capacity (Varela and Fiszman, 2013) ; accounting for improvement in functionality of doughs. Clerici et al., 2009) . Rice flours extruded at high intensity extrusion treatments produced doughs with a higher elastic modulus and consistency, therefore high bread yield. However, bread showed decreased dough development, lower specific volume and more hardness (Martinez et al., 2014b) . The authors concluded that correct selection of extrusion treatment and flour particle size is essential to overcome these defects. Recently, Jeong et al. (2013) showed the positive effects of extruded rice flour on improved textural quality of cake.
Besides rice flour, extruded maize flour (Ozola et al., 2011) and extruded wheat bran Gomez et al. (2011) have been also used for improving the physiochemical properties of bread. Extruded bran in combination with improver showed better results in terms of higher bread volume. Substitution of wheat flour by extruded wheat flour (5%) did not alter mixing, handling and fermentation behaviour of dough and caused no detrimental effect to bread quality, rather increased water absorption capacity of dough and bread output (Martinez et al., 2013) . Use of extruded wheat flour (5%) has been shown to offset the major problem of longer proofing time, in breads made from frozen dough. Incorporation of extruded flour provides higher amount of fermentable sugars and decrease proofing time (by 52%) and baking time allowing higher bread output (Ortolan et al., 2015) . Patil et al. (2016a) explored the potential of extruded finger millet flour in improving the quality of composite bread. Incorporation of extruded finger millet (20 g/100 g) in wheat flour allowed for improved extensibility, high specific volume, high loaf height and low firmness of composite bread. The findings suggested that extruded finger millet can mimic properties of hydrocolloids thus can serve as replacement for wheat flour in bread formulations. Based on above research findings it is apparent that extrusion can be exploited as an excellent tool to modify functionality of gluten-free flours for general consumer and celiac in particular. Celiac patients require a strict lifelong adherence to a gluten-free diet devoid of synthetic additives (Deora et al., 2014) . Looking at this perspective, extrusion can provide quality gluten-free products for celiacs. Extruded flours (especially millet flours) can also be effectively delivered in composite wheat based diets to deliver high fibre and phytochemical content (Koletta et al., 2014; Schoenlechner et al., 2013) .
Thus it seems that extrusion is more cost-effective, economic and highly adaptable technology than alternative sophisticated technologies (high-pressure processing, microfluidization) being recently investigated for modifying functionality of non-gluten doughs (Gomez and Martinez, 2015) .
Extruded flours as fat replacer Overconsumption of fat has
been linked with human health problems such as obesity, cardiovascular diseases and several types of cancer (Schwingshackl and Hoffmann, 2013) . Therefore, there is an increasing tendency towards low fat foods in order to satisfy the demands of consumers, who are more concerned about health problems. Nonetheless, it is difficult to maintain the quality of food prepared with reduced fat.
Fat removal severely affects the stability of oil-in-water emulsion and causes undesirable changes in physicochemical and sensory properties of foods; especially in mayonnaises (Ma and Boye, 2013) . Fat replacers are generally used to improve these properties of low-fat foods. Fat replacers are ingredients or additives which usually have a thickening effect; tends to increase the viscosity of the continuous phase, slows down the droplet movement and consequently increases the stability of emulsion (Nikzade et al., 2012) . Different type of gums (xanthan, konjac, guar and pectin) and soluble fibres are being employed as fat replacer now-a-days (Li et al., 2014; Su et al., 2010) . Several researchers have proposed that starches modified by physical, chemical or enzymatic processes can also be used as fat replacers in low-fat mayonnaises (Teklehaimanot et al., 2013) . Use of modified starches in low fat formulations is primarily because of their low cost, unique creamy texture and ability to impart desired flow characteristics (Mason, 2009) . Starches modified by hydrothermal treatments such as extrusion can be interesting alternatives to prevailing fat replacers without using any chemicals (Hagenimana et al., 2006) . Extrusion caused gelatinization of starches; extent being governed by moisture, temperature and screw speed. The extruded or pregelatinized flours have high water absorption, water solubility, thickening power in cold water and smooth texture than native flours (Martinez et al., 2014a) . The improved functionality of extruded flours can be harvested in many food applications as thickening and gelling agents; allowing their utilization as fat replacer in oil-in-water emulsions. Lee et al. (2013) reported that reduced fat mayonnaise can be formulated by replacing part of the oil with extruded waxy rice starch. Effect of extruded maize flour incorporation as fat replacer in mayonnaise also has been studied by Roman et al. (2015a) .
Results revealed that if the flour-water ratio of the paste is controlled, extruded maize flour is appropriate for preparing reduced-fat oil-in-water emulsion with similar rheological properties to the full fat and greater freeze-thaw stability. The group also evaluated the effect of pre-gelatinized extruded wheat flour as fat replacer (fat substitutions of 1/3, 2/3 and 3/3) in low fat cake recipe (Roman et al., 2015b) . Extruded flour paste helps to minimize the sensory changes of reduced fat cakes and can be effectively used in cake formulations up to 2/3 fat replacement.
Prospects of extruded flours as fat replacers can provide innovative solutions for baking industry seeking alternative ingredients with 'green' label.
Conclusion
Based on the literature reviewed, it can be safely concluded that extrusion is a truly a promising versatile technology and should be seen in a broader perspective as a novel way of making quality functional foods beyond the traditional extruded snacks.
Extrusion offers an excellent opportunity to modify hydration properties and to improve paste stability and functionality of food matrices, by tailoring the processing conditions. Improved functionality of extruded flours can be effectively used in development of novel gluten free, high fibre, high phenolic, mineral enriched, low fat and low glycemic foods; placing this technology in segment for delivering functional foods to manage lifestyle diseases especially type-2 diabetes. Extruded flours mimic the properties of hydrocolloids and thus can be used as alternatives to synthetic hydrocolloids with 'green label". Such information could help snack and baking industry to develop innovative products tune to the changing needs of consumers.
